
1 

Award Number: W81XWH-13-1-0440

TITLE: 

Mechanisms of Synaptic Alterations in a Neuroinflammation Model of Autism 

PRINCIPAL INVESTIGATOR: Anna Dunaevsky  

CONTRACTING ORGANIZATION:  University of Nebraska Medical Center

Omaha, Nebraska, 68198 

REPORT DATE: October 2014

TYPE OF REPORT: Annual

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 

Fort Detrick, Maryland  21702-5012 

DISTRIBUTION STATEMENT:      Approved for public release; distribution unlimited 

The views, opinions and/or findings contained in this report are those of the author(s) and should not be 

construed as an official Department of the Army position, policy or decision unless so designated by other 

documentation. 



2 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and 
maintaining the data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 
1204, Arlington, VA  22202-4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of 
information if it does not display a currently valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY)

October 2014
2. REPORT TYPE

Annual 

3. DATES COVERED (From - To)

30Sep2013 - 29Sep2014
4. TITLE AND SUBTITLE
Mechanisms of Synaptic Alterations in a Neuroinflammation Model 
of Autism

5a. CONTRACT NUMBER 

W81XWH-13-1-0440
5b. GRANT NUMBER 

11228338 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S)

Anna Dunaevsky 
5d. PROJECT NUMBER 

Ming LI 5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

11. SPONSOR/MONITOR’S REPORT

NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Here we investigated how Maternal Immune Activation (MIA), a risk factor for autism spectrum disorders (ASD) 

affects the development of synapses. The central hypothesis is that altered expression of cytokines and 

chemokines in the brain results in impaired synaptic development and altered behavior. We employed the MIA 

mouse model and so far found that in offspring there is a reduction in the number of synaptic structures in vivo as 

well as reduced motility. Behavioral impairments relevant to ASD are also reported. 

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION
OF ABSTRACT 

18. NUMBER
OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON 

a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area 

code) 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18

University of Nebraska Medical Center
Omaha, Nebraska, 68198 

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

     Approved for public release; distribution unlimited 

email: adunaevsky@unmc.edu

Nothing listed 

U U U UU 8

USAMRMC



3 

Table of Contents 

 Page 

1. Introduction………………………………………………………….4

2. Keywords…………………………………………………………….4

3. Overall Project Summary…………………………………………...5

4. Key Research Accomplishments……………………………………7

5. Conclusion……………………………………………………………8

6. Publications, Abstracts, and Presentations……….….…………….8

7. Inventions, Patents and Licenses……………………………………8

8. Reportable Outcomes..………………………………………………8

9. Other Achievements…………………………………………………8

10. References…………………………………………………………..8

11. Appendices………………………………………………………….8



4 

1. Introduction:

Under the aegis of this award we have been investigating how maternal immune activation (MIA), a risk factor 

for autism spectrum disorder (ASD) affects the development of synapses. The central hypothesis is that altered 

expression of cytokines and chemokines in the brain results in impaired synaptic development and altered 

behavior. To test this hypothesis, we employed the MIA mouse model using the viral mimic poly (I:C) to 

determine how synaptic structure, dynamics and function are affected in the offspring mice. The objective of 

this proposal is to identify the structural and molecular synaptic alterations induced by maternal activation that 

could serve in elucidating key mechanisms associated with the pathobiology of ASD. The ability of an anti-

inflammatory drug to reverse synaptic and behavioral impairments is also evaluated. 
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3. Overall Project Summary

The major goals of the project: 

Task 1: Determine how synapses are altered in offspring challenged by MIA. (Months 1-18) 

Task 2: Determine how synapses develop in presence of differential levels of cytokines and chemokines. 

(Months 6-24) 

Task 3: Determine if synaptic and behavioral impairments observed in MIA offspring can be ameliorated by 

AV411 (Ibudilast), an anti-neuroinflammatory drug. (Months 24-36) 

Summary of Results: 

Task 1: Determine how synapses are altered in offspring challenged by MIA. (Months 1-18) 

1a. Determine if exposure to MIA result in changes in dendritic spine morphology? (1-6) 

We measured dendritic spine density and morphology of MIA offspring in the cerebellum and the cortex in 

mice that express florescent protein in these brain regions. We found that there is a reduction in spine density 

in the somatosensory cortex of adolescent mice and that this deficits persists into adulthood (Figure 1) mice.  

We classified spines into categories and found that there is a reduction in density of all spine categories. 

D
e

n
s
it
y
 (
s
p

in
e

s
/m

ic
ro

n
)

Cont MIA
0.0

0.2

0.4

0.6

0.8

1.0

D
e
n

s
it
y
 

(S
p

in
e
s
/m

ic
ro

n
) 

0

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

Mushroom Stubby thin Filopodia 

c d

***	

0

0.2 

0.4 

0.6 

0.8 

1 

1.2 

D
e
n

s
it
y
 

(S
p

in
e

s
/m

ic
ro

n
) 

Control MIA 

a b

e

***	

Figure 1: Reduced cortical dendritic spine density in young MIA offspring. Confocal images of layer 5 

pyramidal neuron apical tuft dendrites from P17 control (a) and MIA (b) YFP-H mice. c. MIA induces a 

reduction in total dendritic spine density in P17 offspring. d. Spine reduction persists.in 3 month old MIA 

offspring. e. MIA results in a reduction in density of all dendritic spine categories. 

Although reduction in number of synapses has been recently shown in dissociated neurons from MIA offspring 

in culture, our results are the first to demonstrate a reduction in vivo. 

The analysis of dendritic spines on the cerebellar Purkinje neurons is ongoing. 
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1b. Determine if exposure to MIA result in changes in dendritic spine dynamic by using the Motility 

Index 

We have performed in vivo imaging of dendritic spines of MIA and control offspring through a cranial 

window. We have confirmed that reduced spine density is observed when the intact brain is imaged. 

Importantly we discovered that dendritic spines in MIA offspring are much less dynamic (Fig. 2). Dendritic 

spine dynamics is thought to be essential for the proper formation of synaptic contacts and neuronal circuits. 

 

 

 

Figure 2: Impaired dynamics of dendritic spines in MIA offspring. Two-photon imaging of cortical 

neurons from P17 YFP-H mice through a thinned skull window in control (a) and MIA (b) offspring. Images 

were collected every 12 minutes for a period of 1.5 hrs. Note the reduced density of dendritic protrusions in 

the MIA offspring. Dendritic spine formation (red arrows) and elimination (yellow arrows) is prevalent in 

control but not MIA offspring. c-f. Quantification of spine parameters imaged in vivo in 5 mice for each 

condition. Spine density is reduced in MIA offspring (control: 0.92

Turnover rate (TOR) is reduced in MIA offspring (control: 0.091±0.01; MIA 

0.057±0.004, P=0.013) due to reduction in both fraction of spines gained (control: 0.1±0.003  MIA: 

0.064±0.004, P<0.0001) and reduced fraction of spines lost (control: 0.08±0.01; MIA: 0.05±0.005, P=0.028 ) 

 

1c. Determine if synaptic protein expression signatures altered in the MIA offspring by employing 

quantitative mass spectrometry based proteomics and array tomography. 

We have performed preliminary iTRAQ experiments on the synaptosomal proteome isolated from P14 

cerebella of MIA. We performed western blot analyses to confirm some of the hits found through the high 

throughput analysis. We were not able to confirm the decrease in doublecortin. We did confirm a reduction in 

cerebelin1, an important synaptic organizer in the cerebellum of MIA offspring (Fig. 3).  Moreover we have 

also determined that there is a reduction in GluR2 a receptor for cerebelin 1. 
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Figure 3: Reduced levels of cerebelin 1 and 

GluR2 in the cerebellum of MIA (PIC) 

offspring. 

Western blot analysis of synaptosomes isolated 

from postnatal day 14 cerebellum demonstrates 

a reduction in the PIC (MIA) offspring. B. A 

similar result is observed in western blots for the 

receptor GluRd2. 

This is the first report of reduction in levels of a 

synaptic organizer in the MIA offspring and might be related to the reduction in number of synaptic 

structures observed. 

In ongoing experiments we are determining if presynaptic inputs (visualized with  excitatory and inhibitory  

synaptic proteins, VGluT1 and GAD-6) are altered in MIA offspring. 

Task 3: Determine if synaptic and behavioral impairments observed in MIA offspring can be 

ameliorated by AV411 (Ibudilast), an anti-neuroinflammatory drug. (Months 24-36)  

In preparation for this aim we have determined that MIA offspring exhibit behavioral impairments. We have 

found that PCP2 MIA offspring have reduced Ultrasonic Vocalization, increased marble burying (assay for 

repetitive behavior) and decreased social interaction. These behaviors are thought to be relevant to the core 

behavioral deficits found in individuals with ASD.  
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Figure 4: Impaired ASD relevant behaviors in MIA offspring. A. MIA offspring (PIC) had emitted fewer 

USVs during postnatal days 6 and 8. B. MIA offspring (PolyI:C) spent less time with an unfamiliar (sessions 1 

&4) and did not habituate as much as the control  (saline) offspring. C. MIA offspring buried more marbles 

than control mice.  

4. Key Research Accomplishments

 We have determined that dendritic spine density, sites of excitatory synaptic input, is reduced in both

adolescent and adult MIA mice. 

 We have determined that dendritic spine dynamics is reduced in MIA mice.
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 We have determined the level of proteins with defined roles in synaptic organization are reduced in MIA

mice. 

5. Conclusions

Our results so far will have high impact on the field as this is the first analysis of synaptic deficits in vivo and 

spine dynamics have never before been examined in the MIA offspring. Moreover we show that spine deficits 

are maintained into adulthood, potentially explaining the behavioral deficits observed in the adult MIA mice.   

6. Publications, abstracts and presentations:

These results have been presented at the annual Society for Neuroscience meeting: 

Pendyala, G., Ragunathan, P., Jung, Y., Suresh, A., Meays, B., Spartz, E.,  Dunaevsky, A. (2013) 

Impaired synaptic development with maternal immune activation.  Soc. Neurosci. Abstr 28.06   

Our results were also highlighted by SFARI; 

http://sfari.org/news-and-opinion/conference-news/2013/society-for-neuroscience-2013/maternal-infection-

may-alter-neuronal-signals-connections 

7. Inventions, Patents and Licenses

Nothing to report 
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Nothing to report 
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Nothing to report 
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